The prevalence of and risk factors for central nervous system recurrence in patients with acute promyelocytic leukemia are not well established and remain a controversial matter.
Introduction
The central nervous system (CNS) is the most common site of extramedullary relapse in acute promyelocytic leukemia (APL), and at least 10% of relapses involve the CNS. 1 However, there is an apparent lack of documented knowledge about many aspects of this challenging clinical complication in the context of state-of-the-art treatments with all-trans retinoic acid (ATRA) and chemotherapy. The reported incidence of CNS relapses in APL ranges from 0.6% to 2%. 2, 3 Although CNS involvement is associated with age 3 and BCR 3 isoform, 3, 4 and possibly with the use of ATRA and the development of differentiation syndrome, 5 high white blood cell (WBC) count at presentation appears to be the most consistent predictive factor. 3, 6 For patients without leukocytosis, who have an extremely low risk of CNS relapse, there is a general consensus that CNS prophylaxis is not indicated. 7 In contrast, in patients with APL and high-risk features presenting with a high WBC count, some have argued in favor of CNS prophylaxis with intrathecal chemotherapy. 6, 8 Available data about disease outcome after CNS relapse are limited. The GIMEMA group reported that the survival rates of patients after CNS relapse and after isolated bone marrow relapse were similar. 2 However, in a joint study by the European APL and PETHEMA groups, survival rates after CNS relapse were significantly lower than after bone marrow relapse. 3 The optimal management of APL patients with CNS involvement at first relapse, whether isolated or associated with bone marrow involvement, has not been assessed critically.
We analyzed the incidence of and prognostic risk factors for CNS involvement at first relapse in a large series of newly diagnosed patients with APL who were enrolled in two consecutive Programa Español de Tratamiento en Hematología (PETHEMA) trials (LPA96 and LPA99) and treated with ATRA and anthracycline monochemotherapy without CNS prophylaxis. We also evaluated the outcome of these patients.
Design and Methods

Eligibility for inclusion in the study
The eligibility criteria for enrollment of patients with genetically diagnosed APL have been described elsewhere. 9 The study protocol was approved by the Research Ethics Board of each participating hospital according to the Declaration of Helsinki.
Therapy of acute promyelocytic leukemia
Patients were included in two successive protocols (LPA96 and LPA99) that have been previously described. 9 Briefly, treatment consisted of induction therapy with ATRA and idarubicin (AIDA regimen), three consolidation courses with idarubicin (two courses) and mitoxantrone (one course) with or without ATRA according to a riskadapted strategy, 9 followed by maintenance therapy with ATRA and low-dose chemotherapy with methotrexate and 6-mercaptopurine.
Prophylaxis and treatment of central nervous system relapse
Patients did not receive CNS prophylaxis. When CNS relapse occurred, treatment comprised weekly intrathecal triple therapy (ITT) with methotrexate, hydrocortisone, and cytarabine until complete clearance of blasts in the cerebrospinal fluid, followed by less frequent ITT treatments as consolidation. Some patients received further craniospinal irradiation at the physician's discretion. Systemic treatment with ATRA plus chemotherapy or arsenic trioxide was also given as induction or consolidation or both, even for patients with isolated CNS involvement. Autologous or allogeneic stem cell transplant was given, in some cases, as intensification therapy.
Study definitions and end-points
The remission-induction response was assessed according to the criteria revised recently by Cheson et al. 10 Molecular remission was defined as the disappearance on an ethidium bromide gel of the PML-RARA-specific band visualized at diagnosis, using a previously described nested reverse-transcriptase polymerase chain reaction (RT-PCR) assay for PML-RARA amplification 11 with a sensitivity level of 10 -4 . Persistent molecular disease and molecular relapse were defined as PCR positivity in two consecutive bone marrow samples collected at the end of consolidation therapy and at any time after consolidation therapy, respectively. CNS relapse was confirmed by lumbar puncture and cytological examination of cerebrospinal fluid, which was performed only in patients with clinically suspected CNS relapse. Morphological and molecular status was assessed by examining bone marrow aspirates from all patients at the time of CNS relapse.
Prognostic factors
Twenty-seven characteristics of the patients and disease were analyzed to establish their relationship to CNS relapse. In addition to the characteristics listed in Table 1 , the following variables were also considered: serum lactate dehydrogenase (LDH), peripheral blast count, fibrinogen level, relapse-risk score, cytogenetics, FLT3-internal tandem duplication (FLT3-ITD) mutation, and a number of surface antigen markers (CD2, CD7, CD11b, CD34, CD13, HLA-DR, and CD56). Occurrence of clinically and radiologically evident CNS hemorrhage at diagnosis or during induction, and development of differentiation syndrome were also included. Differentiation syndrome was diagnosed according to the presence of two or more of the symptoms and signs described by Frankel et al.
12
Statistical methods
The χ 2 test, with Yates' correction if necessary, was used to analyze differences in the distribution of variables between subsets of patients. The probability of CNS involvement at first relapse was estimated by the cumulative incidence method, and univariate comparison between the cumulative incidence curves was performed using the Gray test.
14 Isolated bone marrow relapse (molecular or morphological), death in complete remission, and development of secondary acute leukemia or myelodysplastic syndrome was each considered as a competing risk event. Multivariate analysis was performed using a logistic
Results
Accrual and patients' characteristics
Between November 1996 and June 2005, 793 consecutive patients with a genetic diagnosis of APL were registered from 82 institutions in Spain, The Netherlands, Belgium, Argentina, Uruguay, and the Czech Republic (see Appendix).
Details about the non-eligible, non-evaluable, and evaluable patients have been reported elsewhere. 16, 17 The main demographic and baseline characteristics of the 667 patients who achieved complete remission are shown in Table 1 . Patients enrolled in the LPA96 and LPA99 trials were similar for all baseline characteristics except for sex (more females were included in the LPA99 trial, p=0.02).
Incidence and characteristics of central nervous system relapse
CNS involvement at first relapse was documented in 11 patients: in eight of these it was isolated (although three had positive PML-RARA in the bone marrow by RT-PCR) Table 2 . Seven patients were female, and four were male. At the time of the primary APL diagnosis, the median age was 33 years (range, 6-70 years) and WBC count was 34.5×10 9 /L (range, 1.9-162×10 9 /L). Eight of the 11 CNS relapses occurred in the 149 patients classified at diagnosis as being at high-risk (cumulative incidence at 5 years, 5.45%), and the other three were in the 381 patients classified as being at intermediate-risk (cumulative incidence at 5 years, 0.8%). No CNS relapses were observed in low-risk patients. Three patients experienced clinical CNS hemorrhage during induction therapy. One additional patient (9%) had differentiation syndrome compared with 22 of 73 relapsed patients (30%) without CNS involvement. The overall 5-year cumulative incidence of CNS relapse was 1.7%, with a trend toward a higher incidence in the LPA96 trial (3.2%) than in the LPA99 trial (1.2%) (p=0.09). The cumulative incidence of isolated bone marrow relapse was 14.7% in the LPA96 trial and 10.6% in the LPA99 trial (p=0.08). The relative frequency of CNS involvement among relapsed patients overall was 13%: five of 28 relapses (18%) in the LPA96 trial and six of 56 relapses (11%) in the LPA99 trial. No extramedullary sites of relapse other than CNS were observed in either PETHEMA trial.
Treatment of central nervous system relapse
Treatment of CNS relapse included ITT for all patients except one, who was treated with intrathecal liposomal cytarabine. Six patients received further CNS irradiation (4 holocranial and 2 craniospinal). Except for two patients, both with CNS relapse without morphological bone marrow involvement, all remaining patients received systemic treatment ( Table 2) .
Outcome of patients with central nervous system relapse
Of the eight patients with CNS involvement without morphological relapse in the bone marrow (3 PCR positive) one died during CNS treatment. The remaining seven patients achieved a complete clearance of blasts from the cerebrospinal fluid and relief of symptoms. The subsequent outcome of these patients was as follows: (i) two patients experienced a second relapse and died despite receiving consolidation therapy with liposomal ATRA or intensive chemotherapy; (ii) three patients are alive in complete remission after salvage therapy for a second CNS or bone marrow relapse; and (iii) two patients did not relapse after receiving ATRA plus intensive chemotherapy or arsenic trioxide followed by autologous stem cell transplantation.
The three patients with simultaneous CNS and bone marrow involvement died during systemic therapy with ATRA plus intensive chemotherapy (2 patients) or during aplasia following autologous stem cell transplantation. The median survival was 13 months in patients who had a CNS relapse and 20 months in those who had isolated bone marrow relapse (p=0.61).
Prognostic factors for central nervous system relapse
The univariate analysis identified the following characteristics as being associated with CNS relapse: high WBC count in the peripheral blood at presentation (p<0.0001), high blast count in the peripheral blood (p=0.0009), both with a count of 10×10 9 /L as the most significant cut-off; relapse-risk score (p=0.001); clinical CNS hemorrhage during induction chemotherapy (p<0.0001); elevated serum LDH concentration (p=0.005); FLT3-ITD mutations (p=0.015); and CD56 positivity (p=0.047) ( Table 3) . Multivariate analysis was also carried out: insufficient data were available for FLT3-ITD mutation status and CD56 expression. Multivariate analysis identified the following independent prognostic factors for CNS relapse: relapse-risk score (p=0.0001) ( Figure 1A ) and clinical CNS hemorrhage during induction chemotherapy (p=0.006) ( Figure 1B) . Because univariate analysis showed a trend for a lower cumulative incidence of CNS relapse among patients treated in the LPA99 trial (p=0.09), the LPA96 and LPA99 trials were compared according to the relapse-risk group. For high-risk patients, the 5-year cumulative incidences of CNS relapse were 10.8% in the LPA96 trial and 3.6% in the LPA99 trial (p=0.02; Figure 1C ). For intermediate-risk patients, the 5-year cumulative incidences were 1.2% and 0.7% in the LPA96 and LPA99 trials, respectively (p=0.73).
Discussion
This study shows a relatively low incidence of CNS involvement at first relapse in APL patients receiving frontline therapy with ATRA and anthracycline monochemotherapy without specific CNS prophylaxis. A comparison of this incidence in two sequential PETHEMA trials showed that risk-adapted consolidation with ATRA and reinforced anthracycline for intermediate-and highrisk patients (LPA99 trial) significantly reduced the incidence of CNS relapse in the latter setting. The relapse-risk score, which is a composite of WBC and platelet counts, 18 and the occurrence of clinical CNS hemorrhage during induction were the main risk factors for CNS relapse. Although a sizable proportion of patients experiencing CNS involvement at first relapse will develop subsequent bone marrow relapse, some of these patients will still respond to treatment and may survive over the long term.
Despite the sequential nature of the two trials, there was an apparent unbiased improvement in the 5-year cumulative incidence of CNS involvement from 3.2% in the LPA96 trial to 1.2% in the LPA99 trial. The difference was not significant for this crude comparison, which included all patients, but became significant when high-risk patients were analyzed separately. One explanation of the lower CNS relapse rate in the LPA99 study could be that the more dose-intensive chemotherapy in this trial reduced the systemic disease burden, decreasing the risk of seeding of APL cells in the CNS and, thereby, the incidence of CNS relapse. Another explanation is that the higher-dose intensity of anthracyclines of the LPA99 trial may offer a more effective treatment of the CNS sanctuary. Notably, in contrast to other anthracyclines, the active metabolite of idarubicin, idarubicinol, can penetrate the blood-brain barrier. [19] [20] [21] The variable incidence of CNS involvement at first relapse observed in different series should be interpreted with caution. Variables with potential impact on the incidence of this complication may have been unbalanced and may bias the direct comparison between different series. Different proportions of patients with leukocytosis at presentation, a well-recognized risk factor for CNS relapse, 3 is the most obvious potential cause of bias, but other more subtle factors should also be considered. In this respect, the sample size and the length of follow-up are particularly important and usually considered, but some other factors related to competing events, particularly bone marrow relapse, should also be considered. Theoretically, a high incidence of bone marrow relapse can lead to an apparent low incidence of CNS involvement at first relapse. This may explain, at least in part, the different incidence rates of CNS relapse reported for series with similar sample size and follow-up. greater than 10×10 9 /L. 8 However, full evaluation of these results requires both independent confirmation and a longer follow-up because a considerable proportion of CNS relapses may occur more than 2 years after the time of attainment of the first complete remission (e.g., 5 of 11 cases in our present study). 3 As reported previously, our study confirms that APL patients with high WBC count at diagnosis (>10×10 9 /L) have an increased risk of CNS relapse. 3 However, the relapse-risk score 18 remained as an independent risk factor in multivariate analysis after removing WBC count from the regression equation. An additional and novel finding is the association between the occurrence of clinical CNS hemorrhage before or during remission induction and subsequent CNS relapse. This has not been reported before and could have potential therapeutic implications. Regarding other potential risk factors, some authors have suggested previously that FLT3-ITD mutations, which correlate with leukocytosis, 22 and an increased expression of adhesion molecules, such as CD56, can promote leukemic infiltration in the CNS. [23] [24] [25] In this study, we were unable to assess CD56 expression and FLT3-ITD mutation as predictive factors for CNS relapse in multivariate analysis because of an insufficient number of patients with adequate data. Other factors previously related to extramedullary relapse, such as age (< 45 years), 3 BCR3 isoform, 3, 4 and development of differentiation syndrome 5 were not significant determinants of CNS relapse in our study. The low incidence of CNS relapse does not argue in favor of systematic CNS prophylaxis even in patients with high-risk APL. The burden for these patients and the potential risks of additional medical complications (e.g., hemorrhage or neurological toxicity) 26 following lumbar puncture would be unlikely to outweigh the possible benefits. Because there is no clear benefit of systematic CNS prophylaxis, its indication in APL is still a matter of debate. Based on our results, however, prophylaxis could be considered for those patients with clinical or radiological signs of CNS hemorrhage during induction.
In conclusion, we found a low incidence of CNS involvement at first relapse in newly diagnosed patients with APL following therapy with ATRA and anthracycline monochemotherapy without specific CNS prophylaxis. CNS relapse was significantly associated with WBC counts greater than 10×10 9 /L and CNS hemorrhage during induction treatment, which emerged as independent prognostic factors.
